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An aqueous bioink solution for use іп light-based bioprinting applications, and methods of 


using the aqueous bioink solution 


Technical field 


The present disclosure relates to an aqueous bioink solution for use in light-based bioprinting 
applications, a method of using the aqueous bioink solution including live cells and a method 
of using the aqueous bioink solution without live cells (acellularly). More specifically, the 
disclosure relates to an aqueous bioink solution for use in light-based bioprinting applications, 
and methods of using the aqueous bioink solution as defined in the introductory parts of the 


independent claims. 


Background art 

In recent years, 3D bioprinting technologies have become the forefront in innovative tools to 
create customizable scaffolds or tissues with varying degrees of complexity for applications in 
tissue engineering, regenerative medicine, microfluidics, drug discovery, etc. There are various 
modalities of 3D bioprinting platforms, such as inkjet bioprinting, extrusion bioprinting, digital 
light processing (DLP) bioprinting, laser assisted bioprinting [1]. Among them, DLP bioprinting 
stands out for its superior printing speed, resolution, scalability, and throughput in creating 


highly complex 3D tissues, biomimetic scaffolds as well as microfluidic chips. 


DLP bioprinting employs a digital micromirror device (DMD), composed of millions of 
micromirrors, to modulate the light patterns projected onto the photopolymer solution. The 
exposed area of the photopolymer solution will be photo-crosslinked. By coordinating the 
change of the projected light patterns and the movement of a motorized stage that carries the 
sample being printed, а 3D structure can be printed either layer-by-layer or continuously [2— 
6]. The design of the projected light patterns can be derived from computer aided design 
(CAD) models as well as medical imaging data such as magnetic resonance imaging (MRI) and 
computerized tomography (CT) scans, enabling the fabrication of highly complex biomedical 


devices (e.g., microfluidic chips) and patient-specific tissue models or implants. 


The quality or fidelity of the printed structure is directly associated with the printing resolution 
in both lateral and axial directions. While lateral resolution can be better controlled by the 


projection optics to reach microscale or even submicron scale (2 um lateral resolution has 
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been commercially achieved іп DLP printing), the axial resolution is dictated by the projected 
light penetration depth in the photopolymer solution which is typically 10 to 100-fold worse 
than the axial resolution (e.g., typical axial resolution of DLP printing = hundreds of microns to 
millimeters)[7]. To improve the axial resolution in light-based bioprinting (including both DLP 
bioprinting and laser assisted bioprinting), light absorbers (e.g., tartrazine, quinoline yellow) 


have been added to the prepolymer solution to reduce the light penetration depth[6]. 


Another key component of the prepolymer solution for light-based bioprinting (including DLP 
bioprinting and laser assisted bioprinting) is the photoinitiator. Because the prepolymer 
solution for bioprinting is typically aqueous to allow incorporation of live cells during or post 
the bioprinting process, the photoinitiator must be water soluble. More importantly, to 
bioprint functional tissues and scaffolds for in vitro and in vivo biomedical applications (e.g., 
tissue engineering, drug testing, transplantation, cell and tissue therapies, etc.), the 
photoinitiator must be biocompatible with minimal cytotoxicity and minimal adverse side 


effects to human health. 


Lithium acylphosphinate (LAP), a type of lithium salt, has been used together with light 
absorbers (i.e., tartrazine, quinoline yellow) in the aqueous prepolymer solution for fabricating 
complex 3D hydrogels [6,8,9]. However, lithium salts are known to cause kidney injury and 
adverse effects to the neurological and renal systems of the human body[10,11]. There are 
also studies that found LAP can potentially damage the cell membrane, resulting in 
compromised cell viability after light-based bioprinting [10,11]. Lithium ions are known to 
accumulate in the kidney collecting duct cells leading to kidney injury and disease, which is a 
common side effect of lithium treatment for psychiatric disorders [10,12,13]. The cause of 
such lithium cytotoxicity is that the influx sodium channels on the cell membranes have higher 
affinity for lithium ions than sodium ions, but the sodium efflux ATPase pumps have lower 
affinity for lithium than sodium, which leads to excess accumulation of lithium within the cells 


[10,12,13]. 


Thus, there is a need in the art to provide alternative and/or improved bioink solutions, 
meeting the high demands on resolution and biocompatibility within the art of light-based 3D 
printing. Further, there is a demand for alternative and/or improved bioink solutions having a 


low cytotoxicity, thereby allowing the use of live cellular material in the bioink solution. Still 
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further, there is a need for alternative and/or improved photoinitiators as well as a need for 


alternative, and/or improved light absorbers for the fabrication of complex 3D structures. 


Summary 


It is an object of the present disclosure to mitigate, alleviate or eliminate one or more of the 
above-identified deficiencies and disadvantages in the prior art and solve at least the above- 
mentioned problem(s) and need(s). 

An unexpected solution to eliminate the cytotoxicity associated with lithium is to use metal 
ions that naturally exist in human body fluid to replace lithium in the metal-acylphosphinate 
(Metal-AP) photoinitiators, thereby obtaining an improved biocompatibility. Such 
physiologically relevant metal ions include, but are not limited to, sodium, magnesium, 
calcium, and potassium. While sodium and magnesium acylphosphinates have been 
synthesized in literature [9], to the inventor’s knowledge, there have been no published 
studies that combine them with light absorber in a prepolymer solution to bioprint high- 
fidelity complex 3D acellular scaffolds or cell-laden tissue constructs using light based 
bioprinting platforms for tissue engineering and regenerative medicine applications. Also, 
there are no commercial products available for any other metal-acylphosphinates than those 


including lithium. 


According to a first aspect there is provided an aqueous bioink solution for use in light-based 
bioprinting applications, comprising: 0.5-95 w/v (%) water-soluble photocrosslinkable 
prepolymer; 0.001-5 w/v (%) biocompatible metal acylphosphinate photoinitiator; 0.001-10 
w/v (%) biocompatible light absorber; and 5 to 99.5 w/v (%) solvent. 


According to a second aspect there is provided a method of using the aqueous bioink solution 
according to the first aspect on light-based bioprinting platforms for the creation of cell-laden 
tissues or hydrogel constructs or scaffolds, such as for cell encapsulation, seeding, in vitro 
tissue engineering, disease modelling or drug discovery, wherein cells are mixed with the 
aqueous bioink solution to the desired concentration and then loaded to the bioprinting 
platform to create 3D tissues, hydrogel constructs or scaffolds containing cells, and thereafter 
using the 3D tissues, hydrogel constructs or scaffolds containing cells for cell encapsulation, 


seeding, in vitro tissue engineering, disease modelling or drug discovery. 
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According to a third aspect there is provided a method of using the aqueous bioink solution 
according to the first aspect on light-based bioprinting platforms to create acellular tissues or 
hydrogel constructs or scaffolds, such as for in vivo implantation, in vitro cell seeding and 
therapeutic applications, wherein the aqueous bioink solution with desired composition is 
loaded directly on the light-based bioprinting platforms to create acellular 3D tissues, hydrogel 
constructs or scaffolds and thereafter using the 3D tissues, hydrogel constructs or scaffolds for 


in vivo implantation, in vitro cell seeding or therapeutic applications. 


The present disclosure will become apparent from the detailed description given below. The 
detailed description and specific examples disclose preferred embodiments of the disclosure 
by way of illustration only. Those skilled in the art understand from guidance in the detailed 


description that changes and modifications may be made within the scope of the disclosure. 


Hence, it is to be understood that the herein disclosed disclosure is not limited to the 
particular component parts of the device described or steps of the methods described since 
such device and method may vary. It is also to be understood that the terminology used 
herein is for purpose of describing particular embodiments only, and is not intended to be 
limiting. It should be noted that, as used in the specification and the appended claim, the 
articles "a", "an", "the", and "said" are intended to mean that there are one or more of the 
elements unless the context explicitly dictates otherwise. Thus, for example, reference to "a 
unit" or "the unit" may include several devices, and the like. Furthermore, the words 


"comprising", "including", "containing" and similar wordings does not exclude other elements 


or steps. 
Definitions 
The shortage "AP" refers to acylphosphinate(s). 


By a "biocompatible" material is meant that the material is not harmful or toxic to living 
tissue. The biocompatibility of a material, such as a bioink or ingredients of a bioink, may 


depend on e.g., the cell type, other components of the bioink and printing conditions. 


By "tissues, hydrogel constructs or scaffolds" is, in the context of this disclosure, meant any 
3D-bioprinted product or structure, with or without cells, produced by using the aqueous 


bioink solution of the present disclosure. 


Concentration values of the ingredients of the aqueous bioink solution of this disclosure are 


given in weight/volume of the final bioink solution, also abbreviated as w/v (%). 
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Brief descriptions of the drawings 


The above objects, as well as additional objects, features and advantages of the present 
disclosure, will be more fully appreciated by reference to the following illustrative and non- 
limiting detailed description of example embodiments of the present disclosure, when taken 
in conjunction with the accompanying drawings. 

Figure 1 shows Live/dead viability results of C2C12 cells bioprinted in Na-AP (left) and LAP 
(right) based bioinks. Cells in Na-AP based bioink demonstrated healthier morphology than 


those in LAP based bioink at Day 1 post bioprinting. 
Figure 2 shows printing results comparing Na-AP vs LAP based bioinks. 


Figure 3 discloses devices and 3D structures printed with bioinks composed of two types of 
PEGDA, Na-AP and light absorber using a DLP bioprinter. (a-b) Microfluidic chips with 
horizontal channels. The hollow horizonal channels in the devices were perfused with red and 
blue dyes to demonstrate the high printing fidelity. (c) A free-standing lattice structure. (d) A 


free-standing mesh stent. 


Detailed description 


The present description provides an improved aqueous bioink solution for use in light-based 
bioprinting applications, a method of using the aqueous bioink solution including live cells and 
a method of using the aqueous bioink solution without live cells (acellularly). According to an 
example embodiment there is provided an aqueous bioink solution for use in light-based 
bioprinting applications, comprising: 0.5-95 w/v (%) water-soluble photocrosslinkable 
prepolymer; 0.001-5 w/v (%) biocompatible metal acylphosphinate photoinitiator; 0.001-10 
w/v (%) biocompatible light absorber; and 5 to 99.5 w/v (%) solvent. 


Thus, the present disclosure relates to biocompatible aqueous bioink solutions with at least a 
water soluble photocrosslinkable prepolymer, a biocompatible metal acylphosphinate 


photoinitiator and a biocompatible light absorber. 


Hereby, an aqueous and biocompatible bioink solution for light-based bioprinting applications 
is provided, which solution exhibit promising results in terms of bioprinting results, cell 


survival/health, cell differentiation and maturation. 
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According to ап example, the biocompatible metal acylphosphinate photoinitiator is chosen 


from the group comprising Na-AP, Mg-AP, Ca-AP and K-AP. 


These metal acyl phosphinate photoinitiators are all promising and previously unknown 


candidates as photoinitiators. 
According to an example, the biocompatible metal acylphosphinate photoinitiator is Na-AP. 


Especially, Na-AP has shown promising results in relation to the previously known alternative 


LAP. 


According to an example, the biocompatible light absorber is chosen from the group 
comprising quinoline yellow, ponceau 4r, sunset yellow, yellow food dyes, 
micro/nanoparticles, of different sizes and types, riboflavin, phenol red, curcumin, saffron, 


turmeric, beta carotene, carbon black and tartrazine. 


These light absorbers are all promising candidates as light absorbers. 


In one example, the biocompatible light absorber is quinoline yellow. Hereby, since potential 
toxic effects as for other regularly used light absorbers, such as e.g., tartrazine [14], does not 


appear to be known for quinoline yellow, an improved biocompatibility is obtained. 


Moreover, it has been identified that quinoline yellow may exhibit a higher absorbance at 405 
nm per gram than other light absorbers, such as tartrazine. Thus, quinoline yellow may be 
used at a lower concentration than e.g., tartrazine, resulting in less material to be removed 


from the construct for better imaging, and/or less negative effects (if any). 


Further, in one example the biocompatible metal acylphosphinate photoinitiator is Na-AP and 
the biocompatible light absorber is quinoline yellow. Hereby, a bioink having an improved 
toxicity profile, while maintaining or improving the bioprinting properties in light-based 
bioprinting applications, is provided. Thus, by exchanging the metal ion lithium with the very 
prevalent sodium ion, in combination with using quinoline yellow as the light absorber, an 


improved biocompatibility behaviour is obtained. 


According to an example, Na-AP is used in a concentration of 0.001-5.0% wt, or 0.01-2% wt, or 
0.1-1%wt, or 0.5-1.0% wt, and quinoline yellow is used in a concentration of 0.001-10% wt, or 


0.01-1% wt, or 0.05-0.2% wt, respectively. A bioink wherein Na-AP is used in a concentration 
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of 0.5-1% wt and quinoline yellow is used іп a concentration of 0.05-0.2% wt, respectively, has 


been identified as one example. 


According to an example, the water-soluble prepolymer is chosen from monomers or 
oligomers with photocrosslinkable moieties such as vinyl, acrylic, arylamide, acrylate, thiol-ene 


and epoxide. 


Thus, by using water-soluble prepolymer including photocrosslinkable moieties, a 


polymerizing effect is obtained. 


According to an example, the water-soluble prepolymer is chosen from poly(ethylene 
glycol)diacrylate, gelatin methacrylate, methacrylated hyaluronic acid, methacrylated alginate, 
methacrylated silk, and mixtures of two or more of PEGDA, GelMA, HAMA, AIgMA and Silk- 
MA. 


According to an example, PEGDA is chosen from the group comprising 700, 1K, 3.4K, 6K, 10K 
and 20K MW. Other PEGDA prepolymer molecular weights may also be used. 


Hereby, a suitable water-soluble prepolymer is provided. 


According to an example, the solvent is chosen from the group comprising water, phosphate- 
buffered saline and cell culture medium. Other solvents may also be used, depending on 
application and context. Typically, cell culture media may comprise ingredients such as 
carbohydrates, amino acids, vitamins, minerals, and a pH buffer system. Other ingredients 


may also be included, e.g., depending on application and cell type. 


Hereby, a suitable solvent is provided. 


Key components Examples of key components and typical concentration ranges (w/v 


(%)) 


Water soluble Poly(ethylene glycol) diacrylate (PEGDA) — 700, 1K, 3.4K, 6K, 10K, 20K 
prepolymer MW 


596-9596 


Gelatin methacrylate (GelMA) 


0.5%-25% 
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Methacrylated Hyaluronic Acid (НАМА) 


0.5%-25% 


Methacrylated Alginate (AlgMA) 


0.5%-25% 


Methacylated silk (Silk-MA) 


0.5%-25% 


Mixtures of the above, e.g., PEGDA (MW 700)+PEGDA (MW 6K), 
PEGDA+GelIMA, GelIMA+HAMA, etc. 


Biocompatible Na-AP, Mg-AP, Ca-AP, K-AP 
metal 

acylphosphinate 

photoinitiator 


0.001% - 5% 


Biocompatible Quinoline yellow, ponceau 4R, sunset yellow, yellow food dyes, 
light absorber micro/nanoparticles, riboflavin, phenol red, curcumin, saffron, turmeric, 
beta carotene, carbon black, tartrazine etc. 


0.001% - 10% 
Solvent Water, PBS, cell culture medium 


5%-99.5% 


Table 1 lists representative ink formulations for the disclosed biocompatible aqueous bioink solutions. 
According to an example, the solution further comprises living cells. 


Thus, the aqueous bioink solutions can be used in applications requiring living cells, which can 


be added prior to or after bioprinting depending on application. 


According to an example, the living cells are chosen from the group comprising cells or cell 
lines of human and/or animal origin, being primary cells, immortalized and iPSC- or ESC- 
derived, such as keratinocytes, melanocytes, fibroblasts, sebocytes, dendritic cells, 
macrophages, stem cells, induced pluripotent stem cells, adipocytes, glandular cells or follicle 
cells, as well as myoblast cells, hepatic cells, human primary renal proximal tubule epithelial 
cells, collecting duct cells or adipose-derived mesenchymal stem cells. Any other cells and/or 
cell types may also be used. The cells may for example be related to dermal, hepatic, cardiac, 


kidney, lung, muscle, cartilage or neural tissue. Any other tissue types may also be used. 


Thus, any suitable cells and/or cells of interest may be included in the bioink solution of the 


present disclosure. 
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According to an example, the aqueous bioink solution may comprise one or more additional 
ingredients, such as cryoprotectants, DMEM media, serum, proteins, lipids, nucleic acids, 
carbohydrates, hormones, glycosaminoglycans, collagens, methacrylate collagen, gelatin, 
cellulose, nanofibrillar cellulose, alginate, chitosan, acacia gum, tara gum, glucomannan, 
pectin, locust bean gum, guar gum, carrageenan or tragacanth, elastin, proteoglycans, 
aggrecans, isolated laminins, glycol-aminoglycans, such as hyaluronic acid and heparin, 
growth factors, thickeners, such as a polysaccharide-based substance, such as nanocellulose, 
glucomannan, xanthan gum, gellan gum, diutan gum, welan gum or pullalun gum, or a protein- 
based substance, such as collagen or gelatin, additional biopolymers, extracellular matrix 
components, decellularized matrix components, factor A or any other ingredient that is useful 


for the purposes of the present disclosure. 


Providing and mixing of the bioink solution 


A typical bioink for the present disclosure is produced by mixing the selected components 
from the above table. Some of the components (e.g., prepolymers, light absorbers, solvents 
and any additional ingredients) would typically be commercially available and/or obtainable by 
methods and processes known for a skilled person. For details on obtaining metal 


acylphosphinate photoinitiators, see e.g., [9], which is hereby incorporated as a reference. 


Light-based bioprinting 


As discussed in the background section, light-based bioprinting refers to methods utilizing light 
and/or a light pattern to photo-crosslink 3D printed layers and structures, including digital 
light processing (DLP) bioprinting, laser assisted bioprinting, stereolithography (SLA) 
bioprinting and two photon polymerization (TPP) bioprinting. For example, in this context it is 
referred to US2017/0087766, US2016/0298087, М/02020/210681 and М/02021/087281, 


which disclosures are incorporated herein as references. 
Use of the bioink 


The disclosed biocompatible aqueous bioink solutions can be used on light-based bioprinting 
platforms to create hydrogel constructs for cell encapsulation or seeding for in vitro tissue 


engineering, disease modelling, drug discovery, etc. 
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Тһе above disclosed biocompatible aqueous bioink solutions can also be used оп light-based 
bioprinting platforms to create cell-laden tissues or acellular hydrogel constructs for in vivo 


implantation and therapeutic applications. 


For cell encapsulation, cells will be mixed with the bioink solution to the desired 
concentrations and then loaded to the bioprinting platform to create 3D tissues. For acellular 
scaffolds, bioink solution with desired compositions can be loaded directly on the light-based 
bioprinting platforms to create 3D scaffolds, which can be subsequently used for in vivo 


implantation or in vitro cell seeding. 


Further, the disclosed biocompatible aqueous bioink solutions can be used for fabrication of 
various 3D tissue models, such as cardiac tissues, kidney tissues, lung tissues, nerve tissues, 
muscle tissues, cartilage tissues, skin tissues, hepatic tissues etc. Such tissue products can 
feature biomimetic 3D geometries as well as cellular compositions mimicking native tissues 


and in vivo environment, which cannot be achieved by conventional 2D cell cultures. 


Thus, according to an example embodiment there is provided a method of using the aqueous 
bioink solution according to the first aspect on light-based bioprinting platforms for the 
creation of cell-laden tissues, hydrogel constructs or scaffolds, such as for cell encapsulation, 
seeding, in vitro tissue engineering, disease modelling or drug discovery, wherein cells are 
mixed with the aqueous bioink solution to the desired concentration and then loaded to the 
bioprinting platform to create 3D tissues, hydrogel constructs or scaffolds containing cells, and 
thereafter using the 3D tissues, hydrogel constructs or scaffolds containing cells for cell 


encapsulation, seeding, in vitro tissue engineering, disease modelling or drug discovery. 


Hereby, a method offering use and subsequent production of cell-including 3D-tissues, 


constructs or scaffolds is provided. 


According to an example embodiment there is provided a method of using the aqueous bioink 
solution according to the first aspect on light-based bioprinting platforms to create acellular 
tissues, hydrogel constructs or scaffolds, such as for in vivo implantation, in vitro cell seeding 
and therapeutic applications, wherein the aqueous bioink solution with desired composition is 


loaded directly on the light-based bioprinting platforms to create acellular 3D tissues, hydrogel 
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constructs ог scaffolds апа thereafter using the 3D tissues, hydrogel constructs or scaffolds for 


in vivo implantation, in vitro cell seeding or therapeutic applications. 


Hereby, a method offering use and subsequent production of acellular 3D-tissues, constructs 


or scaffolds is provided. 


The present disclosure will now be described with reference to the accompanying examples, in 
which preferred example embodiments of the disclosure are shown. The disclosure may, 
however, be embodied in other forms and should not be construed as limited to the herein 
disclosed embodiments. The disclosed embodiments are provided to fully convey the scope of 


the disclosure to the skilled person. 


Examples 
Experimental results 


1. Cytotoxicity of Na-AP/Mg-AP/Ca-AP/K-AP vs. LAP 


A first novel aspect of the present disclosure is the use of Na-AP, Mg-AP, Ca-AP, and K- 
AP as photoinitiator in the disclosed bioinks, which are more biocompatible and 
physiologically relevant photoinitiators than LAP. Na, Mg, Ca, and K are ions that 
naturally exist in human body fluid and are essential nutrients for human body. They 
are also essential components in cell culture medium. Therefore, using Na-AP, Mg-AP, 
Ca-AP, and K-AP as a photoinitiator supports better cell viability, proliferation, and 


differentiation than LAP. 


The inventor used Na-AP as an example to compare its cytotoxicity with LAP. The 
inventor formulated two bioinks to bioprint tissues encapsulated with myoblast cells 
(i.e., C2C12): (1) 5% GelMA + 0.25% Na-AP + 2 million/ml C2C12 cells (a type of 
myoblast cell); (2) 5% GelMA + 0.25% LAP + 2 million/ml C2C12 cells. A DLP bioprinter 
(BIONOVA X, from CELLINK) was used to print tissue constructs with these two cell- 
laden bioinks and compared cell viability on Day 1 post bioprinting. A commercial 
cytotoxicity kit (LIVE/DEAD™ Viability/Cytotoxicity Kit for mammalian cells, Catalogi 


L3224, ThermoFisher Scientific) was used to evaluate the cell viability. Staining and 
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imaging were performed according to manufacturer’s recommendations. As shown іп 
Fig. 1, the cells encapsulated in the Na-AP based bioink demonstrated healthier cell 
morphology (cells more spread out) than the cells in the LAP based bioink (cells balled 


up). 


The inventors have also planned using other cells to further compare and 
systematically investigate the cytotoxicity of LAP vs. Na-AP/Mg-AP/Ca-AP/K-AP. Some 
representative cell types include but are not limited to, human primary renal proximal 
tubule epithelial cells and collecting duct cells, as lithium is known to target the renal 
system and kidney collecting duct cells. The cells will be exposed to following 
experimental conditions to evaluate their viability, morphology, proliferation, and 
metabolism: 

1) Cells will be incubated directly in bioinks made with different photoinitiators (i.e., 
LAP vs Na-AP vs Mg-AP vs Ca-AP vs. K-AP) for a certain time (e.g., 6, 12, 24 hours) 
before assaying. Except for the photoinitiator, all the other components of the 
bioinks (i.e., prepolymer, light absorber, solvent, etc.) will be controlled to be the 
same; 

2) Cells will be mixed in bioinks made with different photoinitiators (i.e., LAP vs Na-AP 
vs Mg-AP vs Ca-AP vs. K-AP) and immediately printed into tissues with light-based 
bioprinting (e.g., DLP bioprinting). Except for the photoinitiator, all the other 
components of the bioinks (i.e., prepolymer, light absorber, solvent, etc.) will be 
controlled to be the same. The printed tissues will be assayed after a certain time 


of in vitro culturing (e.g. 1, 4, 7 days after bioprinting). 


Commercial cell assay kits that can be used to evaluate the viability, morphology, 
proliferation, and metabolism include but are not limited to LIVE/DEAD™ 
Viability/Cytotoxicity Kit, Alamar Blue assay, CyQuant Direct cell assay, Neutral Red 
Uptake cytotoxicity assay, MTT assay, Cell Painting assay, etc. 

It is expected that cells exposed to Na-AP/Mg-AP/Ca-AP/K-AP based bioinks will 
present significantly better results in the viability, morphology, proliferation, or 


metabolism assays as compared to those exposed to the LAP-based bioinks. 
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Impact on cell differentiation: Na-AP/Mg-AP/Ca-AP/K-AP vs. LAP 


The inventor will also evaluate the impact of different photoinitiators on cell 
differentiation. The inventor will use Adipose-Derived Mesenchymal Stem Cells (ADSCs, 
ATCC PCS-500-011) as the representative cell type for this study. Cells will be mixed in 
bioinks made with different photoinitiators (i.e., LAP vs Na-AP vs Mg-AP vs Ca-AP vs. К- 
AP) and immediately printed into tissues with light-based bioprinting (e.g., DLP 
bioprinting). Except for the photoinitiator, all the other components of the bioinks (i.e., 
prepolymer, light absorber, solvent, etc.) will be controlled to be the same. Cells in the 
printed tissues will be induced to differentiate into adipocytes using the Adipocyte 
Differentiation Toolkit (ATCC PCS-500-050). Based on the inventor’s current 
understanding, better differentiation and maturation results (e.g., higher expression of 
adipogenesis markers and genes) from ADSCs printed in bioinks made with Na-AP/Mg- 


AP/Ca-AP/K-AP are expected, as compared to those in LAP-based bioinks. 


Photoinitiator efficiency in li ioprinting: -AP/Ca-AP/K-AP vs. LAP 


To compare their efficiency in light-based bioprinting, the inventor formulated bioinks 
with different photoinitiators (e.g., Na-AP vs. LAP) while keeping the other components 
the same. The inventor then used these bioinks to print the same design with the same 
light-based bioprinting platform and parameters. It was found that Na-AP and LAP 
have comparable efficiency and performance in light-based bioprinting, as shown in 


Figure 2. 


DLP bioprinting with Na-AP/Mg-AP/Ca-AP/K-AP based bioinks with light absorber vs. 


no light absorber 


Although Na-AP/Mg-AP/Ca-AP/K-AP based bioinks without light absorber can be used 
for light-based printing, there is no control over the light penetration depth in axial 
direction, leading to very poor axial resolution (i.e., hundreds of microns to a few 
millimeters). The low axial resolution limits the use of such bioinks without light 


absorber to only printing 2.5D structures with no or minimal design variation in the 
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axial direction, such as the printing results shown іп Figure 2. Without a higher axial 
resolution, complex 3D designs such as overhanging structures and horizontal hollow 
channels cannot be printed using light-based printing, especially DLP-based bioprinting. 
Nevertheless, such complex 3D designs are essential to engineer in vitro functional 
human tissues (e.g., vasculature, nerve, etc.), microfluidic devices, organ-on-a-chip 
systems, etc. To address these challenges, a biocompatible light absorber can be added 
to the bioink to reduce light penetration in the bioink solution and improve axial 
resolution. Such biocompatible light absorbers include but are not limited to Quinoline 
yellow, ponceau 4R, sunset yellow, yellow food dyes, micro/nanoparticles, riboflavin, 
phenol red, curcumin, saffron, turmeric, beta carotene, carbon black, tartrazine etc. To 
the inventor’s knowledge, there is currently no published work using Na-AP/Mg-AP/Ca- 
AP/K-AP based bioinks with biocompatible light absorbers. This is another novel aspect 
of the present disclosure. The inventor has demonstrated the printing of complex 3D 


structures using bioinks with both Na-AP and a light absorber as shown in Figure 3. 


The person skilled in the art realizes that the present disclosure is not limited to the preferred 
embodiments and examples described above. The person skilled in the art further realizes that 
modifications and variations are possible within the scope of the appended claims. 
Additionally, variations to the disclosed embodiments can be understood and effected by the 
skilled person in practicing the claimed disclosure, from a study of the drawings, the examples 


the disclosure, and the appended claims. 
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СІЛІМ5 


1. An aqueous bioink solution for use in light-based bioprinting applications, 
comprising: (a) 0.5-95 w/v (%) water-soluble photocrosslinkable prepolymer; (b) 0.001-5 w/v 
(%) biocompatible metal acylphosphinate photoinitiator chosen from the group comprising 
Na-AP, Mg-AP, Ca-AP and K-AP; (c) 0.001-10 w/v (%) biocompatible light absorber; and (d) 5- 
99.5 w/v (%) solvent. 


2. The aqueous bioink solution according to claim 1, wherein the biocompatible metal 


acylphosphinate photoinitiator is Na-AP. 


3. The aqueous bioink solution according to any one of the preceding claims, wherein 
the biocompatible light absorber is chosen from the group comprising quinoline yellow, 
ponceau 4R, sunset yellow, yellow food dyes, micro/nanoparticles, riboflavin, phenol red, 


curcumin, saffron, turmeric, beta carotene, carbon black and tartrazine. 


4. The aqueous bioink solution according to any one of the preceding claims, wherein 


the biocompatible light absorber is quinoline yellow. 


5. The aqueous bioink solution according to any one of the preceding claims, wherein 
the biocompatible metal acylphosphinate photoinitiator is Na-AP and the biocompatible light 


absorber is quinoline yellow. 


6. The aqueous bioink solution according to claim 5, wherein Na-AP is used at a 
concentration of 0.5-1% wt and/or quinoline yellow is used at a concentration of 0.05-0.2% 


wt. 


7. The aqueous bioink solution according to any one of the preceding claims, wherein 
the water-soluble prepolymer is chosen from monomers or oligomers with photocrosslinkable 


moieties such as vinyl, acrylic, arylamide, acrylate, thiol-ene and epoxide. 


8. The aqueous bioink solution according to any one of the preceding claims, wherein 
the water-soluble prepolymer is chosen from poly(ethyleneglycol) diacrylate (PEGDA)(5-95 
w/v (%)), gelatin methacrylate (GELMA)(0.5-25 w/v (%)), methacrylated hyaluronic acid 
(HAMA)(0.5-25 w/v (%)), methacrylated alginate (AlgMA)(0.5-25 w/v (%)), methacrylated silk 
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(Silk-MA)(0.5-25 w/v (%)), and mixtures of two or more of PEGDA, GELMA, НАМА, AlgMA апа 
Silk-MA. 


9. The aqueous bioink solution according to claim 8, wherein PEGDA is chosen from the 


group comprising 700, 1K, 3.4K, 6K, 10 K and 20K MW. 


10. The aqueous bioink solution according to any one of the preceding claims, wherein 
the solvent is chosen from the group comprising water, phosphate-buffered saline (PBS) and 


cell culture medium. 


11. The aqueous bioink solution according to any one of the preceding claims, wherein 


the solution further comprises living cells. 


12. The aqueous bioink solution according to claim 11, wherein the living cells are 
chosen from the group comprising cells or cell lines of human and/or animal origin, being 
primary cells, immortalized and iPSC- or ESC- derived, such as keratinocytes, melanocytes, 
fibroblasts, sebocytes, dendritic cells, macrophages, stem cells, induced pluripotent stem cells, 
adipocytes, glandular cells or follicle cells, as well as myoblast cells, hepatic cells, human 
primary renal proximal tubule epithelial cells, collecting duct cells or adipose-derived 
mesenchymal stem cells; and cells related to dermal, hepatic, cardiac, kidney, lung, muscle, 


cartilage or neural tissue. 


13. A method of using the aqueous bioink solution according to any one of claims 1-12 
on light-based bioprinting platforms for the creation of cell-laden tissues, hydrogel constructs 
or scaffolds, such as for cell encapsulation, seeding, in vitro tissue engineering, disease 
modelling or drug discovery, wherein cells are (i) mixed with said aqueous bioink solution to 
the desired concentration and then (ii) loaded to the bioprinting platform to (iii) create 3D 
tissues, hydrogel constructs or scaffolds containing cells, and thereafter (iv) using the 3D 
tissues, hydrogel constructs or scaffolds containing cells for cell encapsulation, seeding, in 


vitro tissue engineering, disease modelling or drug discovery. 


14. A method of using the aqueous bioink solution according to any one of claims 1-12 
on light-based bioprinting platforms to create acellular tissues, hydrogel constructs or 
scaffolds, such as for in vivo implantation, in vitro cell seeding and therapeutic applications, 


wherein said aqueous bioink solution with desired composition is (i) loaded directly on the 
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light-based bioprinting platforms to (ii) create acellular 3D tissues, hydrogel constructs or 
scaffolds and thereafter (iii) using the 3D tissues, hydrogel constructs or scaffolds for in vivo 


implantation, in vitro cell seeding or therapeutic applications. 


РСТ/ЕР2023/079273 


WO 2024/084040 


1/4 


ау1 


dV-EN 


CLOZO W/W + ау140 dY-EN 968c'0 + VIAI9O96S 


s1]nsai Адел eo реәр/әліл 1 Aeg 


е 


Fig 1. 


WO 2024/084040 


РСТ/ЕР2023/079273 


Design 


Na-AP based bioink 


LAP based bioink 


Honeycomb conduit 


50%PEGDA + 0.5% Na-AP 


50%PEGDA + 0.5% LAP 


Microwell array 


Single pixel lines 


50%PEG DA+ 0.5% Na-AP 


50%PEGDA+ 0.5% LAP 


50%PEGDA + 0.5% LAP 


Liver mimetic 


5 GelMA- 0.25% Ма-АР 


oo 
10% GelMA + 0.25% LAP 


WO 2024/084040 


3/4 


РСТ/ЕР2023/079273 


Greyscale multi-stiffness 


& 


10% GelMA+ 0. 


2 


25% Ма-АР 


10% GelMA + 0.25% LAP 


ЕНЕ иш иш иш иш иш иш 
Grid 


2% AlgMA + 0.5% Na-AP + 
fluorescent beads 


2% AlgMA + 0.5% LAP + fluorescent 
beads 


РСТ/ЕР2023/079273 


WO 2024/084040 


idi 


Fig. 3. 


INTERNATIONAL SEARCH REPORT 


International application No 


PCT/EP2023/079273 


A. CLASSIFICATION OF SUBJECT MATTER 
INV. B33¥70/00 A61L27/38 A61L27/52 A61L27/54 B33Y80/00 


GO3F7/00 G03F7/027 G03F7/029 
ADD. 
According to International Patent Classification (IPC) or to both national classification and IPC 


B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
B33Y А6111 GOS3F 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


EPO-Internal 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 


US 2018/002658 A1 (MILLER JORDAN [US] ET 1-3,7-14 
AL) 4 January 2018 (2018-01-04) 

the claims; 

paragraphs [0002], [0008], [0009], 
[0060] - [0077], [0094]; examples 2,6 


-/-- 


F Further documents are listed in the continuation of Box С. A See patent family annex. 


* Special categories of cited documents : 


"Т" later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 


"A" document defining the general state of the art which is not considered the principle or theory underlying the invention 


to be of particular relevance 
"E" earlier application or patent but published on or after the international " document of particular relevance; the claimed invention cannot be 
filing date considered novel or cannot be considered to involve an inventive 
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone 
cited to establish the publication date of another citation or other " document of particular relevance;; the claimed invention cannot be 
special reason (as specified) considered to involve an inventive step when the document is 
"О" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination 
means being obvious to a person skilled in the art 
"Р" document published prior to the international filing date but later than 
the priority date claimed "&" document member of the same patent family 


Date of the actual completion of the international search Date of mailing of the international search report 


20 January 2024 16/02/2024 


Name and mailing address of the ISA/ Authorized officer 
European Patent Office, Р.В. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (431-70) 340-2040, : 
Fax: (431-70) 340-3016 Eggers, Karin 


Form PCTASA/210 (second sheet) (April 2005) 


page 1 of 2 


INTERNATIONAL SEARCH REPORT 


International application No 


PCT/EP2023/079273 


C(Continuation). DOCUMENTS CONSIDERED ТО BE RELEVANT 


Category” | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 


KUMARI SUSHMA ET AL: "Digital light 
processing-based 3D bioprinting of 
[kappa]-carrageenan hydrogels for 
engineering cell-loaded tissue scaffolds", 
CARBOHYDRATE POLYMERS, APPLIED SCIENCE 
PUBLISHERS , LTD BARKING, GB, 

vol. 290, 21 April 2022 (2022-04-21), 
XP087049040, 

ISSN: 0144-8617, DOI: 
10.1016/J.CARBPOL.2022.119508 

[retrieved on 2022-04-21] 

2 Experimental section, notably: 2.4 
Bioink preparation; 2.5 DLP 3D printing 
set up; 3.2 DLP 3D printing of MA-k-CA 
solution; 3.8 3D bioprinting of MA-k-CA 
bioink using DLP printer; and 4 
Discussion; 

figures 2, 3, 8 


US 2021/154306 A1 (KAZANTSEV ALEXEI V [US] 
ET AL) 27 May 2021 (2021-05-27) 

the claims; 

paragraphs [0003], [0005] - [0007], 
[0009] - [0028], 100991 - [0100], 102501 
- [0252], [0327]; examples 4-11 


US 2021/155722 A1 (VAUGHN MICHAEL AARON 
[US] ET AL) 27 May 2021 (2021-05-27) 
the claims; 

paragraphs [0002], [0006], [0049], 
[0124]; examples 1-7 


WO 2022/236061 A1 (LUNG BIOTECHNOLOGY PBC 
[US]) 10 November 2022 (2022-11-10) 
paragraphs [0014], [0047] - [0051]; 
claims 1-33; examples 7, 11, 13, 14 


LEE MIHYUN ET AL: "Guiding Lights: Tissue 
Bioprinting Using Photoactivated 
Materials", 

CHEMICAL REVIEWS, 

vol. 120, no. 19, 

14 July 2020 (2020-07-14), pages 
10950-11027, XP093002845, 

US 

ISSN: 0009-2665, DOI: 
10.1021/acs.chemrev.0c00077 

the whole document 


Form PCTASA/210 (continuation of second sheet) (April 2005) 


page 2 of 2 


INTERNATIONAL SEARCH REPORT 


Information on patent family members 


US 2018002658 Al 04-01-2018 


US 2021154306 Al 


27-05-2021 


US 2021155722 А1 27-05-2021 


WO 2022236061 А1 


10-11-2022 


Form PCTASA/210 (patent family annex) (April 2005) 


2018002658 A 
2021032591 
2021032592 
2022325237 
2023348848 
2016154070 


2016219475 


112017017029 


2976231 
107530440 
3256167 
1248528 
1248583 
2018507908 
20170116109 
2017131285 
2018043030 
2021154306 
2016130573 


3096216 
112166039 
117001995 

3774338 

4257628 

2021521285 
2023181163 
2021155722 
2019195763 


2022269058 
3217455 
308242 
2022389374 
2022236061 


International application No 


PCT/EP2023/079273 


Patent document Publication Patent family Publication 
cited in search report date member(s date 


04-01-2018 
04-02-2021 
04-02-2021 
13-10-2022 
02-11-2023 
29-09-2016 


24-08-2017 
10-04-2018 
18-08-2016 
02-01-2018 
20-12-2017 
19-10-2018 
19-10-2018 
22-03-2018 
18-10-2017 
11-03-2019 
15-02-2018 
27-05-2021 
18-08-2016 


10-10-2019 
01-01-2021 
07-11-2023 
17-02-2021 
11-10-2023 
26-08-2021 
21-12-2023 
27-05-2021 
10-10-2019 


14-12-2023 
10-11-2022 
01-01-2024 
08-12-2022 
10-11-2022 


